In the past, risk of recurrent patellar dislocation was mostly attributed to anatomic factors including trochlear dysplasia, patella alta, excessive lateral patellar tilt, and excessive tibial tubercle-trochlear groove (TT-TG) distance. However, recent studies reveal the critical role of retinacular restraints, i.e., the medial patellofemoral ligament (MPFL), in patellofemoral stability. MPFL injury is reportedly identified in most patients with recurrent patellar dislocation.
tibialis anterior allograft, 11) and bioactive synthetic ligament, 12) which were stronger than the native MPFL. 13) The fixation methods introduced for MPFL reconstruction include sutures, 14) suture anchors, 15) spike washers, 6) staples, 16) interference screws, 17) and EndoButtons. 18) Pain occurs in 10% to 57% of implant fixations due to the implant (patella and femoral attachment site). 19, 20) Patellar fracture is uncommon but usually relates to the use of bone tunnels for graft positioning and attachment. 21) We hypothesized that good results could be obtained through adequate fixation strength of the graft with soft tissue suture without a bone tunnel, based on reports of patellar fracture due to making a bone tunnel in the relatively small patella. Furthermore, better results are expected using a gracilis tendon graft closer to native MPFL strength, as compared to graft material that is stronger than the MPFL, which may cause increased patellofemoral contact pressure in flexion in case of inadequate graft positioning.
The purpose of this study was to evaluate the results of a patella fixation method using soft tissue suturing during MPFL reconstruction with a gracilis autograft fixation without bone tunnel in patients with recurrent patellar instability.
METHODS
Thirteen patients diagnosed with recurrent patellar instability who underwent MPFL reconstruction using a gracilis autograft by one surgeon from July 2009 to January 2013 were evaluated. Four patients were excluded due to concurrent osteotomy of tibial tuberosity. Surgery was indicated when the patients did not show improvement on conservative treatment. The conservative treatment was defined by quadriceps setting exercise, closed kinetic chain exercise, and range of motion applying a patella brace during 6 months. Surgical indications suggested by Arendt 22) are trochlear dysplasia type A or normal trochlea, no trochlear spur, a tubercle-sulcus angle between 0° and 10° valgus, and patella alta measurement < 1.4 (Insall-Salvati ratio). All patients had normal range of the horizontal distance between the tibial tubercle and the center of the groove (TT-TG distance). The four men and five women had an average age of 24.6 years (range, 13 to 48 years). Treatment sites included six left and three right knees, and the average follow-up period was 19.3 months (range, 12 to 30 months). The mechanism of injury was indirect in all nine cases. Single-and double-bundle reconstructions were conducted in five and four cases, respectively (Table  1) . This study was approved by the Institutional Review Board of out institute (IRB File No. 2015-03-025-001).
Assessment
For evaluation, we surveyed the Kujala, Lysholm, and Tegner scores before and after surgery. At the last follow-up, the incidence of recurrent dislocation, pain at the MPFL reconstruction site, range of motion of the knee joint, and signs of complications such as arthrofibrosis were evaluated. All patients had radiographs of the knee, including anteroposterior, 30° flexed lateral, and Merchant views, before and after surgery. The flexion and lateral radiographs were examined for signs of patella alta (Insall-Salvati ratio Baumgartl 24) ) was evaluated on the Merchant views. Wilcoxon signed-rank tests were used to compare Kujala, Lysholm, and Tegner scores, Insall-Salvati ratios, and congruence angles before and after surgery. Significance was defined as a p-value < 0.05. The radiologic measurement was made by one surgeon who did not perform the MPFL reconstructions.
Surgical Technique
We first determined the sliding and tilting of the patella, cartilage state, and occurrence of any sign of a loose body using arthroscopy, and treated for any identified lesion before surgery. Approximately 3 cm longitudinal incision was made 2 cm medial to the tibial tubercle, and the gracilis tendon was checked at the deep portion of the sartorius fascia. The fascia was then incised to detach the gracilis tendon using a tendon stripper. Muscle tissues were removed from the collected tendon and a whip stitch was placed at each end.
Next, an approximately 4 cm longitudinal incision was made at the upper medial two thirds of the patella; and the medial retinaculum was examined by detaching subcutaneous tissue and fat. After making a submuscular tunnel at the lower portion of vastus medialis obliquus for penetration of the graft tendon, approximately 2 cm longitudinal incision was made to expose the distal portion of the adductor tubercle. Using fluoroscopy, the isometric point was marked slightly anterior to an elongation of the posterior femoral cortex in between the proximal origin of the medial condyle and the most posterior point of Blumensaat's line. 15) This was followed by suture anchor fixation ( Fig. 1) . After fixing an end of the graft tendon with the thread attached to the suture anchor, the graft tendon was passed through the submuscular tunnel, and the graft end was sutured around the periosteum of the patella using No. 2 Ethibond (Ethicon, Somerville, NJ, USA) while keeping the knee joint bent in a 45° angle (Fig. 2) . Subsequently, lateral retinacular release was carried out in 4 cases in which the tightness of the lateral retinaculum was maintained after MPFL reconstruction.
Depending on the severity of subluxation, singlebundle reconstruction was performed in five cases, and double-bundle reconstruction was performed in four cases. For single-bundle reconstruction, suturing was performed from the upper one-third of the patellar medial A B border as the starting point to the patellar midportion; and for double-bundle reconstruction, suturing was performed from the upper end and midpoint of the patellar medial border as the starting points to the patellar midportion. The lateral margin of the patella was displaced to coincide with the margin of the lateral femoral condyle, to confirm appropriate tension of the graft tendon. The graft was secured for suturing after holding an end of the graft tendon and patella with forceps. After successful fixation of the graft tendon, the lower border of the vastus medialis obliquus was advanced distally and laterally and sutured to the upper and medial border of the patella with the upper margin of the graft (Fig. 3) . Finally, patellar stability was verified in various angles while moving the knee joint, and patellar tracking was confirmed by watching the patella motion under arthroscopy (Fig. 4) . A medial retinacular imbrication (medial reefing) was carried out in four cases because of the persistent subluxation on knee flexion.
Postoperative Rehabilitation
All patients wore a knee immobilizer for 2 weeks after surgery and performed quadriceps setting exercises. Thereafter, they began range of motion exercises to achieve a goal of 90° flexion for 6 weeks after surgery along with partial weight-bearing exercises. Subsequently, full weight bearing, full range of motion, and open kinetic chain exercises were permitted. The patients wore the knee brace until 3 months after surgery. In principle, light sports activities were allowed at 3 months after surgery, and all sports activities were allowed at 6 months after surgery, depending on the condition of muscle recovery.
RESULTS
At the final follow-up examination, all patients had achieved full range of motion. The Kujala score was improved from an average of 42.7 ± 8.4 before surgery to 79.6 ± 13.6 (p = 0.008) at the final follow-up; the Lysholm score improved from 45.8 ± 5.7 to 82.0 ± 10.5, respectively (p = 0.008); and the Tegner score improved from 2.8 ± 0.8 to 5.6 ± 1.5, respectively (p = 0.007) ( Table 2 ). The Insall-Salvati ratio was changed from 1.16 ± 0.1 (range, 0.94 to 1.35) before surgery to 1.14 ± 0.1 (0.96 to 1.29), without significance (p = 0.233), at the final follow-up. The congruence angle significantly decreased from 26.5° ± 10.6° (range, 12° to 43°) before surgery to -4.0° ± 4.3° (range, -12° to 5°; p = 0.008) at the final follow-up (Table 3) . Patellar subluxation occurred in one patient who carried out both lateral release and medial reefing with a congruence angle of 4.8°, but the patient did not complain of any specific symptoms in daily activity (Fig. 5) . Another patient had recurrent hemarthrosis 2 years after the surgery. He currently maintains a normal life without recurrence or symptoms after arthroscopic treatment.
DISCUSSION
We obtained good clinical and radiographic results without recurrence of subluxation or symptom in patients with recurrent patellar dislocation with MPFL reconstruction with a gracilis autograft using a soft tissue suturing method ion the patellar surface. The MPFL has a mean tensile strength of 208 N and a stiffness of 8 N/mm as the primary soft tissue stabilizer preventing lateral patellar translation for the initial 30° of knee flexion. 13) A prerequisite of graft tendon selection for MPFL reconstruction is that the stiffness of the graft tendon must be similar to that of the native MPFL, but greater strength is more desirable. 22) However, the currently used graft tendon has a much higher strength and stiffness than the native MPFL. Mountney et al. 3) reported possible problems related to patellar alignment arising from the use of over-tensioning when a hamstring graft was employed. Therefore, the gracilis tendon used in this study, is mainly used currently due to its similarity to the native MPFL. 25) Diverse methods are proposed including sutures, 14) spiked washers, 6) staples, 16) interference screws, 17) suture anchors, 15) EndoButtons, and suture fixation using a dock- 26) for fixation of the graft tendon to femur and patella Fixation using implants may cause multiple complications. Some authors reported that pain due to implants develops in 10% to 57% of patients, 16, 20) and pain might arise from irritation at the insertion site by screws and anchors used for fixation. Moreover, fracture of the adductor tubercle may occur at the femoral tunnel during reconstruction, 20) and several cases of iatrogenic fracture of the patella have also been reported. 14, 17) Therefore, Petersen and Zantop 27) developed implant-free fixation technique; whereas, other authors introduced methods to fix the graft onto surrounding soft tissue instead of bone. 14, 28, 29) In this study, such implant-related complications were prevented by suturing the graft onto the soft tissues, as well as the periosteum of the patella. Moreover, even though an implant was not used, the soft tissue fixation is also advantageous because a bone tunnel can result in continuous pain after surgery.
After surgery, patellar dislocation should not occur with knee motion, and further flexion should be allowed without excessive constraint. Therefore, maintaining appropriate graft tension is important during fixation. Many studies recommended 25% to 50% or 10 mm lateral displacement of the patella. 9, 17) In addition, the fixation angle is critical. Many researchers conducted reconstructions with 20° to 90° of flexion, but the ideal angle remains controversial. 9, 14, 20) The MPFL plays a role of checkrein only during early flexion of the knee, hence, it may be desirable to conduct graft fixation at 30° to 40° of flexion. 13) However, similar to Lee et al., 30) bony stability was achieved if the knee joint was bent at an angle larger than 50° to 60° after monitoring the patellar tracking under arthroscopy during motion. Moreover, Type A trochlea dysplasia was observed in 4 of 9 patients, while Type III patellar dysplasia was noted in three patients. Therefore, influence of the abnormal bone shapes on the biomechanics of the MPFL could not be excluded. This implies that fixation at a flexion condition less than 30° may not be beneficial. Therefore, MPFL was fixed to the graft at 45° of flexion and patellar tracking was observed at various angles to check for any subluxation or tilting in this study.
Drez et al. 28) conducted a retrospective review of implant-free fixation; they reported 93% good and fair results in 19 cases of soft tissue suturing onto the tibia and femur with 31.5 months of follow-up with Fulkerson, Kujala, and Tegner scores of 93, 88, and 6.7, respectively. Ellera Gomes et al. 14) reported 94% good and fair results in 16 cases of soft tissue suturing onto the femur with a median followup of more than 5 years. Lee et al. 29) showed good results in 9 cases of suturing soft tissue onto the patella and femur with an average follow-up of 17.6 months with International Knee Documentation Committee, Kujala, Lysholm, and Tegner scores of 81.1, 81.4, 84.9, and 5.1, respectively. In this study, the MPFL reconstruction yielded good results with Kujala, Lysholm, and Tegner scores of 79.6, 82.0, and 5.6, respectively, as well adequate radiologic results with satisfactory congruence angles for most patients. Abnormal findings were detected in one patient, although the congruence angle improved from 36° to 5°. However, the patient was satisfied with the result of surgery and experienced no limitations in daily life. In another patient, recurrent hemarthrosis occurred at 2 years after the surgery, but was treated successfully with arthroscopic debridement. His knee has been in a normal condition without recurrence or complications such as infection, nerve injury, or stiffness for the last 12 months.
Limitations of this study included the lack of a bio mechanical study of tensile strength of MPFL reconstruction using the soft tissue suture method, absence of a control group, a short-term follow-up period, case series, retrospective study, and relatively small number of patients. In addition, only one surgeon measured the radiologic results. The inconsistency of treatment may be another limitation because both single-bundle and doublebundle methods were used. Future studies are required to supplement these findings with biomechanical studies and long-term follow-up. In medial patellofemoral ligament reconstruction to treat recurrent patellar dislocation, a patella fixation technique with a gracilis autograft and soft tissue suturing showed good results at short-term follow-up.
In conclusion, we achieved good results with a patellar fixation technique using MPFL reconstruction using a gracilis autograft employing soft tissue suturing without bone tunnel in patients with recurrent patellar dislocation.
